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CHAPTER 3 
 
MATERIALS AND METHODS 
 
In this chapter, we are discussing more detail about the method to conduct this research 
on production of palm-based polyol from palm oil. The procedures include in this 
research are the epoxidation synthesis of palm oil (EPO), polyol synthesis from EPO 
and preparation of polyurethane. There are also including the analytical method in 
which the method to determine the characteristics of epoxidized palm oil (EPO) that 
used as a substrate to produce the polyol. 
 
3.1  Experimental Steps 
 
 
 
  
Epoxidation Synthesis of Palm Oil 
Polyol Synthesis from EPO 
Preparation of Polyurethane for Coating 
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Palm oil, which is crude palm oil (CPO), was used as raw material in this experiment. 
The glacial acetic acid and hydrogen peroxide were purchased from MERCK. The 
epoxidation processes were carried out in three necked glass (250 ml) flask equipment 
with mechanical stirrer, thermometer and reflux condenser (Derawi and Salimon, 2010). 
20 g of CPO was weighed and pour into three neck flask. After that, CPO was acidified 
with glacial acetic acid and then, hydrogen peroxide was slowly added drop wise for 3 
hours. Research by Wang et al.(1997), a reagent that fast introduced  will cause an 
excessive development of oxygen due to decomposition of hydrogen peroxide at high 
temperature and this not recommended during the experiment. After 3 hours, which is 
reaction finish, sample was taken out and thoroughly washed with sodium bicarbonate, 
distilled water, and sodium chloride to separate the organic layer from the mixture. The 
sample was then analyzed for and iodine value. Epoxidation was carried out at a certain 
ratio of hydrogen peroxide. Fourier Transform Infrared Spectroscopy (FTIR) and Wijs 
solution were used to analyze the sample. 
 
After the palm oil was epoxidized, ethyl glycol between 2 to 30% by weight of EPO can 
be added to create polyol. 20g of epoxidation of palm oil was measured and pour into 
the conical flask. Then, 2 g of ethyl glycol was added into the mixture. The reaction 
temperature was raised to 85ᵒC and maintained for one hour. After the reaction was 
completed, the wave number  and acid number were tested. 
 
A total of 20g of polyol produce from previous process was used to prepare 
polyurethane for coating. After measuring 20 g of polyol,  polyol was poured into the 
beaker. Then, 5ml of toluene was poured and stirred for 10 min to mix homogeneously. 
Then, form the mixture obtained, 5mL was taken from each batch. After that, the 
mixture is put into three separate containers. In container 1 is added 1 ml of isocyanate. 
Then, for container 2, 2 ml of isocynate is added and last but not least container 3 is 
added 3 ml of isocyante. The mixture was stirred at room temperature for 3 minutes 
(Sugita et al., 2012). Then, the mixture is poured into a plastic container and left at 
room temperature 24 hour before testing for Scanning Electron Microscopy (SEM). 
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3.2 Materials and Methods 
3.2.1 Raw Material 
Palm oil, which is Crude Palm Oil, will be collected from palm plantation in Lepar, 
Pahang. 
3.2.2 Chemical  
3.2.2.1  Glacial acetic acid 
3.2.2.2  Hydrogen peroxide 35% 
3.2.2.3  Sodium hydrogen carbonate 
3.2.2.4  Distilled water 
3.2.2.5  Sodium chloride 
3.2.2.6  Ethyl glycol 
3.2.2.7  Toluene 
3.2.2.8  Isocyanate 
3.2.2.9  Chloroform 
3.2.2.10 Wijs reagent 
3.2.2.11 Potassium iodine 
3.2.2.12 Sodium Thiosulfate 
3.2.3 Equipment 
3.2.3.1  Thermometer 
3.2.3.2  Reflux tools 
3.2.3.3  Rotary evaporator 
3.2.3.4  Titration apparatus  
3.2.3.5  Hot plate, 
3.2.3.6  pH paper 
3.2.3.7  Beaker 
3.2.3.8  Spatula 
3.2.3.9  FTIR 
3.2.3.10 SEM 
3.2.3.11 Heating mantle  
3.2.3.12 Magnetic stirred  
